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ABSTRACT

NASTRAN analyses were performed with three
different finite element models on a 90-degree

pipe elbow to determine principal stresses due to
internal pressure, inplane bending, out-of-plane
bending, and torsion moment loadings. Comparison
with stresses experimentally obtained under the

four loading conditions demonstrates the adequacy
of a finite element model with ideal geometry
assumptions and an economical mesh spacing.
Implementation of the NASTRAN modeling is described
in detail. Deck set-ups for a sequence of computer
runs to automatically generate NASTRAN input data,

execute NASTRAN, and postprocess NASTRAN output
are included. A sample NASTRAN data input file is
also listed.

BACKGROUND

The objective of one of DTNSRDC's programs is to reduce the size

and weight of sea-water piping systems sufficiently to achieve the design

goals. This objective can be accomplished in several ways: (1) by

using higher strength materials, (2) by improving fabrication techniques,

(3) by better designs, and (4) by less conservative structural acceptance

criteria and stress factors. The third and fourth alternatives require

the application of more refined structural analysis methods such as the

finite element method (FEM). With the FEM, the analyst can gain a more

accurate understanding of general end point motions, which influence

piping system designs, as well as of motions and stresses in the piping

systems themselves.

The design of piping systems depends on a knowledge of the stresses

and deflections of the pipes due to the anticipated service loads. In

general, these loads may be either static or dynamic. The static

category includes pressure, moment, and thermal loads; the dynamic

includes shock loadings. For any of these loads, the most critical

locations are usually in components such as elbows and tees. It is well

known, for example, that a curved pipe does not respond to bending

loads in the way predicted by elementary beam theory, which is usually

adequate for straight pipes.
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This report describes finite element analyses of piping elbows

subjected to both pressure and moment loads. The NASTRAN finite element

structural analysis computer program was used. Stresses and flexibility

factors were computed, and the stresses were compared to experiment.

The two main purposes of the work were:

(1) to determine modeling conditions (including mesh size

and ideal geometry assumptions) for which a NASTRAN finite

element analysis of the pipe elbow would yield results in

good agreement with experiment, and

(2) to provide deck set-ups for NASTRAN data generation and

solution implementation which could be used to automate

a computerized parameter study of pipe elbows.

Such a study, for example, could yield basic information on the

structural behavior of elbows. Also, given the increased accuracy and

reliability attainable with finite element models, compared to the less

precise traditional methods, the studies could be conducted in accordance

with less conservative design rules similar to those of the ASME

Section III nuclear pressure vessel code.

STATEMENT OF THE PROBLEM

The structure to be analyzed is the 10-inch, schedule 40, 90-degree

carbon steel pipe elbow referred to as ME-l by the Reactor Division of the

Oak Ridge National Laboratory. 1*This elbow, one of four machined at

Oak Ridge to test the effects of thinning and ovalling, was machined so

as to simulate as far as possible an elbow with ideal (uniform) geometry.

Details on the geometry of ME-l are shown in Figure 1. Oak Ridge also

*A complete listing of references is given on page 25.
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made measurements of the actual wall thickness and elbow diameter for

the test model; these measurements are listed in Tables 1 and 2,

respectively. All values in each table were averaged to obtain the

average wall thickness and outside diameter values of 0.390 inch and

10.716 inches, respectively. Thus the average value of mean radius (to

middle of wall) is 5.163 inches.

This elbow structure was subjected to four different loadings:

(1) internal pressure of 75.53 psi

(2) in-plane moment of 32,660 in-lb (M = -32660 in Figure 1)

(3) out-of-plane moment of 32,660 in-lb (M1 = 32660 in Figure 1)

(4) torsiunal moment of 32,660 in-lb (M2 = 32660 in Figure 1)

These loads were also used for the analysis.

The material properties of carbon steel are E = 2.9 x 107 psi

(Young's modulus) and v = 0.3 (Poisson's ratio).

THE NASTRAN MODELS

Three analyses were performed:

Mesh A -- a uniformly spaced mesh of finite elements (Figure 2) for an

ideal (uniform geometry) elbow having the same thickness and

diameter throughout; the values used for the wall thickness and

middle radius were the mean values computed from Tables I and 2:

0.390 inch and 5.163 inches, respectively.

Mesh B -- similar to Mesh A except that the number of elements in each

dirLetion was increased by 50%.

Mesh C -- a uniformly spaced mesh of finite elements for the actual elbow

ME-1 as measured and tabulated in Tables 1 and 2; the mesh spacing

was the same as for Mesh A, the coarser of the two idealized models.

For the ideal models (Meshes A and B), the structure is symmetric

with respect to the plane Z0 = 0 in Figure 1, so that only one-half of the

structure need be modeled. Although the actual geometry used for Mesh C

does not exhibit the same symmetry, such symmetry was assumed here also,

and only half the structure was modeled. This assumption is equivalent to

assuming that the nonsymmetry in the thickness variation on the unmodeled

side (Z0 < 0) has little effect on the solution on the modeled side

4
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(Z 0 0). Since a deliberate attempt was made to machine the ME-1

model to minimize thickness variations, this is probably a reasonable

assumption.

For all three meshes, the elbow and its adjoining straight sections

were modeled with flat plate finite elements (the NASTRAN element QUAD2)

which have both membrane and bending stiffness. As indicated in Figure 1,

one end was completely fixed, and the other end (where loads are applied)

was connected to a stiff flange (which was assumed to be rigid in the

finite element model).

The bulk of the NASTRAN data deck for each model was generated by a

computer program called PIPELB, described briefly in the next section.

The finite element (QUAD2) used in these models yields stresses at

element centroids. Hence, to facilitate comparison with experiment at the

middle of the elbow (6 = 450), an odd number of elements was used in the

longitudinal direction.

Figure 2 shows the Mesh A finite element model. This plot was

generated using the Structural Analysis via Generalized Interactive

Graphics (STAGING) system.

The characteristics of the three meshes are summarized in Table 3.

In all three cases, the element aspect ratios within the elbow were

selected so as not to deviate significantly from unity, which is the

optimum aspect ratio for the QUAD2 finite element.

THE DATA GENERATOR

The computer program PIPELB was written to generate NASTRAN data for

THETA-degree elbows of ideal or non-ideal geometry adjoined on both sides

by straight sections of arbitrary length. In addition to the GRID cards,

which locate the finite element mesh points, the program also generates

the plating (NASTRAN data card CQUAD2), pressure loading (PLOAD2),

symmetry and other constraints (SPC), and flags for congruent elements

(CNGRNT). As added conveniences, PIPELB will automatically generate the

set of element identification numbers (ID's) for the mid-THETA elements

which constitute the solution set for stresses; flexible spokes (CBAR)

radiating from the centers of both elbow end-circles which facilitate the

7



Free End

middle of elbow~

Figure 2 -Finite 
Element M~odel Of Elbow (tMe~h



IAI
Nu

-C 4 0 m~ 110- 0

LLIn

LU 0

X . -

LUIA 41 ce% a 0 UM. M. C. . ~ r '
41 N'. 0'- 1%,- - -Iq

ELU LA. P- ( 0 n
w 

U

CC 0 C 4
(7 N .- 14I

r~ c C
W~ ~~~~~ 0 cn 4 ~ O - ~ 0 I' ~ o

- 0.

c

.1- 0 - 0
- 4- O N N

m EU --U

V) C. 1 4 41 c - 0

U, a 0C 0>L

M. (M 4) 0 0 0 m
U m . 0. 0.

0 - - 0 n In*n 4
LU3 0 .
.J ~ ~ 4 4-1 > - >

w L1 0 41- -0 C

Un C 4- C 4- C
0 m = 1 0

1- .0 n 4)1 4' 0
r-' 4 4- 4- ' C M 4L - 0 <.

4-' 0 041 0 C C 41 0 @30 I

4) 04 0. - 4- 4J 4J M0 v L - I.-
4) 0 C1 C C41 E 4

C 0 04 0 0- >- C<1
C- C z-- 4 0 - <-L 0



computation of flexibility factors; a rigid element (CRIGDI) at the free

(loaded) end of the pipe; and the end cap longitudinal load (FORCE) due

to unit internal pressure.

The data generator defines grid locations within the elbow section

in terms of a local cylindrical coordinate system (ID number 1 in Figure 1)

defined by

R = RBEND - RPIPE. cos

T ()

Z = RPIPE - sin

where RBEND is the elbow bend radius measured to the pipe centerline,

RPIPE is the mean pipe radius, p is the angle spanning the pipe half-

circumference, and 01 is the angle spanning the elbow arc of THETA degrees.

(Other coordinate systems used in the NASTRAN data deck are defined in

Figure 1.) The grid marking system defines the grid ID's as

GRID ID = 1000 • (500 + ITH) + IPH (2)

where ITH and IPH are 01 and , respectively, rounded to the nearest

integer. The element ID assigned to each quadrilateral is equal to the

GRID ID that would be assigned for a node located at the element centroid.

For example, for Mesh A, the elbow was modeled with 17 elements

covering the 900 elbow arc longitudinally (i.e., a spacing of 5.2940) and

12 elements covering 1800 (i.e., a spacing of 15° ) in the circumferential

direction. Thus, for this mesh, point 51100 is at the intrados (the

inside edge), 511090 is at the top, and 511180 is at the extrados (the

outside edge) of the elbow, with all three points at e, = 10.5880.

The shell was modeled with plate elements (NASTRAN data card CQUAD2).
Symmetry constraints were applied with SPC's at * = 00 and * 1800. An

internal pressure loading was specified using a PLOAD2 card for each plate

element, and the resultant longitudinal load at the closed free end (due to

the pressure) was specified with a FORCE card. The inplane bending, out-

of-plane bending, and torsion moment loads were applied at the rigid

flange at the free end using MOMENT cards. All grid points at the fixed

end were constrained in all six degrees of freedom.

10



Appendix A provides a listing of the card deck needed to create an

UPDATE program library, compile source code, and catalog executable code

for the data generator PIPELB.

Appendix B gives a listing of a typical card deck needed to execute

the data generator and create a data file suitable for input to NASTRAN.

The specific example used in Appendix B is for Mesh A. The result of

executing this step is the NASTRAN data deck, which is listed in Appendix

E. Various sections of this data deck have been labeled with comment

cards, which have a $ in card column number one.

For Mesh C, which uses the measured geometry as listed in Tables 1

and 2, the data generator interpolates to obtain pipe thicknesses at

element centroids and to obtain pipe radii at the grid points. This

interpolation is performed within the generator in subroutine FIND. For

Mesh C, each element has a unique thickness and hence a unique property

card (PQUAD2).

SOLUTION SEQUENCE

The general computational approach is to perform the following steps:

Step 1: Compile the elbow data generator, and catalog an executable form

of the program. See Appendix A.

Step 2: For the desired mesh, execute the generator, and create and store

the NASTRAN data deck. See Appendix B.

Step 3: Using the data deck created in Step 2, execute NASTRAN and save

(on a permanent file) the stresses at the desired location (81 = 450).

See Appendix C for a listing of control cards to accomplish this.

Step 4: Smooth the stress curves in preparation for plotting, storing

the results. Figure 3 shows a typical plot of the type desired,

where various stresses at the section 81= 45* are plotted as a

function of *, the circumferential coordinate. As can be seen in

Figure 3, the smoothing merely provides a more attractive display of

the results. The smoothing in Figure 3 was obtained by using the

B-spline3 application subprogram CRVFIT. See Appendix D for a

listing of the deck to read the NASTRAN principal stresses and per-

form the smoothing.

: 11
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Step 5: Plot the smoothed results using the informally documented inter-

active computer graphics package PLOT QUICK developed by Mr. Melvin E.

Haas of DTNSRDC (Code 1843).

FLEXIBILITY FACTORS

The finite element models also allow for the convenient determination

of flexibility factors, which are of vital interest to piping systems

designers. To avoid confusion, the term "flexibility factor," as used in

this report, will be defined precisely. The flexibility factor k of a

piping component is defined as the ratio of a relative rotation of that

component to a nominal rotation:

8ab

k = ff o (3)Onom

where

a = rotation of end "a" of the piping component relative to
ab

end "b" of that component due to a moment loading M, and

in the direction of M.

e nom nominal rotation of an equal length of straight pipe due tonom

the moment M.

For elbows, the nominal rotation is computed using simple beam theory,

in which case one obtains

o = -- (4)
nom El

for inplane and out-of-plane moments, and

ffi ML(5)
nom GJ

for torsional moments, where

M = applied moment load

L = arc length of elbow

E - Young's modulus of material

G shear modulus of material

I - moment of inertia of cross-section

J - torsional constant of cross-section (equal to the polar moment

13
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of inertia for circular cross-sections)

For 900 elbows, L - 1TR/2, where R is the bend radius.

The determination of the relative rotation 0 abfrom the finite

element model is complicated by the fact that plane cross-sections do not

remain plane after deformation, so that each point on the surface of the

shell has a different rotation. However, an "average" rotation for a

cross-section may be obtained by connecting very flexible beam spokes

from each shell grid point to a new grid point located at the center of

the circular cross-section. The rotation of this center point may be used

as the average rotation for the cross-section. For Mesh A, the center

point at Station 4 in Figure 1 is labeled 590500 (end "a") and at

Station 10, 500500 (end "b").

Table 4 shows the details of the flexibility factor calculations for

the three moment loads for Mesh A.

RESULTS AND DISCUSSION

Principal stresses were computed by NASTRAN at the middle of the

elbow (0, = 450) and compared to experimental results obtained at the

Oak Ridge National Laboratory. IThese stresses were computed for four

* separate loading conditions:

1) internal pressure of 75.53 psi

2) inplane bending moment of 32,660 in-lb

3) out-of-plane bending moment of 32,660 in-lb

4) torsional moment of 32,660 in-lb

Figures 4-11 compare the smoothed NASTRAN stress curves as computed

using Meshes A, B, and C with the experimental data points. The major

and minor principal stress results are presented on alternating figures

for each of the four loading conditions. Note that placing more strain

gauges on the outer surface than on the inner surface of the pipe wall

* resulted in a greater number of experimental data points there. Also, for

selected experiments, some gauge results were missing.

The following conclusions may be drawn from Figures 4-11:

1. The NASTRAN results using Meshes A and B (both ideal geometry)

are in good overall agreement with the experimental results. Although

14
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the coarser model (Mesh A) is non-conservative in that it underestimates

(in absolute value) the stresses, its prediction of peak principal

stresses is nevertheless excellent.

2. The Mesh C (actual geometry) results indicate that, except

for internal pressure loading, the small variations in geometry shown

in Tables 2 and 3 play an insignificant role in the stress computations.

(The Oak Ridge researchers found in their more extensive experiments
1

that ovality in the pipe cross-section had a major influence on stresses

only for piessure loading.)

3. When a large series of computer runs (e.g., a parameter study

of pipe elbows) is contemplated, the gain in accuracy achieved with

Mesh B (which has a fifty percent finer mesh spacing than Mesh A) would

probably not be cost-effective. (The CDC 6400 computer charge at DTNSRDC

was $292 for Mesh B compared to $99 for Mesh A.)
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APPENDIX A

Listing of Deck to Create UPDATE Program Library, Compile
Source Code, and Catalog Executable Code for

Elbow Data Generator

(JOB CARD)
(CHARGE CARD)
REQUEST,NEWPL,*PF.
UPDATEF,C.N.
CATALOG,NEwPL.PFNAME1,ID=XXX.
REQUEST,LGO,*PF.
FTNOPF=IR=3,PL=5OOOOO, I=COMPILE.

CATALOG.LGOPFNAME2.ID-XXXX.
7/8/9 EOR *** SOURCE DECK FOR DATA GENERATOR FOLLOWS *..
*DECK ELB

PROGRAM PIPELBtINPUT.OUTPUT,TAPESsINPUT.TAPE6=OUTPUT.TAPEB.TAP~g,
- TAPEIO,TAPEt1,TAPE12,TAPEt3,TAPEI4,TAPE15,TAPEI8,TAPEI7,TAPEIB,
- TAPEt9.TAPE20,TAPE21,TAPE22,TAPE23,TAPE24,TAPE2,TAPE26,TAPE27)

C
C DATA GENERATOR FOR NASTRAN STRESS ANALYSIS OF A PIPE HAVING
C THETA DEGREE ELBOW AND STRAIGHT SECTIONS
C INPUT GENERATION INCLUDES FINITE ELEMENT PLATING (CQUAD2.GRID),
C CONGRUENCY (CNGRNT) AND PRESSURE LOADING (PLOAD2) FOR ELEMENTS,
C AND GRID POINT CONSTRAINTS (SPC)
C
C MEL MARCUS.DTNSRDC 1843,.JAN 1979

C
DIMENSION IDUM(8),ICNGR(35,24)
INIEGER ASET(24)
CO1M()N/A/THETA,NPHI.DPH,RPIPS,PIDS.LDADIDPLOAO
COMMON/B/NX,NYTABX(9LTABY(7).TAF(9,7,2)
INTEGER EIDPIUS,PID,SID,G(4)
IN1,ECER CPC.CDC
DATA PI/3.141592654/

C
I FCQMAT (IHI)
3 FORMAr (10F8.3)
4 FORMAr (2413)
8 FORMAT (BA1O)
9 FORMAT (BHCBAR .418.3F8.1,18)
10 FORMAT (BHCNGRNT .216)
11 FORMAT (811CQUAD2 ,618)

12 FORMAT (BHGRID ,218,FB.4,FB.3,Fa.4.218)
15 FORMAT (BHPLOAD2 ,18,FB.3.18)
16 FORMAT (BHPQUAD2 ,218,F8.3)

17 FORMAT (SHSPC .318)
26 FORMAT (BHSET 1 ,8(16,2H, )/(SX, B(16,2H, ))
27 FORMAT (8X,16)
28 FORMAT (RHFORCE ,31BF8.4,3F8.0)

C
C
C
C PRESENTED BELOW ARE THE 4 READ ITEMS WHICH OCCUR IN PIPELS
C ALSO INDICATED ARE THE 4 READ ITEMS WHICH FOLLOW
C IN 2 CALLS TO SUBROUTINE SIRATE
C
C
C PHI-PORTION OF PIPE CIRCUMFERENCE MODELED, DEGREES
C IHETATPORTION OF ELBOW ARC MODELED ,DEGREES
C

PHIt180.
READ (5.3) THETA
WRITE (6,3) THETA

C
C NPHIwNUMBER OF ELEMENTS IN PHI DIRECTION
C NTHETA*NUMSER OF ELEMENTS IN THETA DIRECTION (COORD SYSTEM CPC)
c

READ (5,4) NPHINTHETA
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WRITE (6,4) NPHI,NTHETA
C
C RBEND=BEND RADIUS MEASURED TO PIPE CENTERLINE
C RPIPS.PIDS=NOMINAL VALUES OF PIPE RADIUS ,THICKNESS (PROPERTY 10)
C

PIDS=200
READ (5,3) RBEND,RPIPS

WRITE (6,3) RBEND,RPIPS
C
C THIS ITEM CONTAINS A SINGLE READ (BLANK CARD)

C OR MULTIPLE (3+NF*NY) READS
C DEPENDING ON WHETHER NF=O (IDEAL ELBOW)
C OR NF=2 (VARIABLE RADIUS AND THICKNESS)
C
C NX,NY=NUMBERS OF PHITHETA-DIRECTION VALUES (TABX.TABY)

C AT WHICH TABULATED VALUES OF
C RADIUS AND THICKNNESS (NF=2) ARE SPECIFIED FOR ELBOW
C
C IF NF=O, THEN NOMINAL VALUES OF OF PIPE RADIUS
C AND THICKNESS ARE USED THROUGHOUT
C OTHERWISE, VARIABLE RADIUS AND THICKNESS VALUES ARE COMPUTED
C FOR THETA-DIR VALUES BETWEEN TABY(1) AND TABY(NY) DEGREES
C WITH NOMINAL VALUES USED ELSEWHERE
C

READ (5,4) NX,NYNF
WRITE (6,4) NX,NY,NF

IF (NF.EQ.O) GO TO 45
READ (5,3) (TABX(I),I=I,NX)
WRITE (6,3) (TABX(I),I=1 ,NX)
READ (5,3) (TABY(I),I=INY)
WRITE (6,3) (TABY(I),I=I,NY)
DO 40 K=I,NF
DO 40 J=I,NY
READ (5,3) (TABF(IJ,K),I=lNX)

wRITE (6,3) (TABF(IJK),I=I,NX)
40 CONTINUE
45 CONTINUE

C
C THE 2 ITEMS READ NEXT ARE TRIGGERED BY 'CALL STRATE(1)"
C THE ITEMS TO BE READ ARE DESCRIBED ATOP SUBROUTINE STRATE
C
C THE LAST 2 ITEMS READ ARE TRIGGERED BY *CALL STRATE(2)"
C THE ITEMS TO BE READ ARE DESCRIBED ATOP SUBROUTINE STRATE
C
C
C

CPC=I
CDC=I
MIU:45
LOADID=2t
PLOAD=-I.

C
DPI= PH I /NPHI
DTH-THETA/NTHETA
NPH1=NPHI+I
NTHI =NTHETA+I
IHTH-NTHI/2

C

C END CAP LOAD DUE TO UNIT INTERNAL PRESSURE - 27
C

CAPLD.S*NPHI*RPIPS*RPIPS*SIN(DPH OPI/180.)
WRITE (27,28) LOADID,200S00,3,CAPLD,O.,O.,-l.

C
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C
C GENERATE FE PLATING FOR STRAIGHT SECTION (TOP)
C CHECK SUBROUTINE STRATE FOR INPUT To BE READ IN

CALL STRATE (1)
C
C
C GENERATE FE PLATING FOR ELBOW
C

TH=O.
I BASEn5OOO0

C
C

DO 200 I1.NTHI
PID=PIDS
RP IPE=RPIPS
I TH= TH+ .5
INEXT=TH+DTH+.5
ItOOVE=100O*( 1NEXT-ITH)
PH=O.
ID=IBASE

C

C DEFINE MlY7HICAL CENTER POINTS ALONG ELBOW
CI

I DCEN= I +500
C
Cr DO~~~~~~~~~0 150 J=I,NPH1 OVRET YHCL ETR TEBWED
C

C SPOKES (CBAR - 9) CNEG OMTIA ETR TEBWED

IF (I.NE.1.AND.I.NE.NTHI) GO TO 50
NOARSr NBARS+ I
IDEBAR= IDCEN+NBARS
Ir (J.EQ.1.OR .J.EQ.NPHI) GO TO 52
WRITE (9,9)IDBAR,PIDS+2, IO,IOCEN,0.,I. qO.,l
GO 70 50

52 WRITE (9,9)IDBAR,PIOS+I,ID,IDCEN,O.,1. ,g.*1
50 CONTINUE

C

I PH=PI+ .5
INEXT'PH+DPII+.5
~JMCVE=IrJEXT-I PH

C
C POSSIBLY INTERPOLATE FOR PIPE RADIUSI C IF (NF.EO.0) GO TO 60

IF (THGT.TABY(NY)) GO TO 62
CALL FIND (PH,TH,1,THICK)
CALL FIND (PH.TH,2,OO)
RPIPE= .5*(OO-THICK)
i REG=NTHl
GO TO 64

60 IREG=I
GO TO 64

62 IREGrI
64 IREG1'IREG+1

C
C
C GRID FOR ELBOW -13

C
C
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C ELBOW MODELED IN CYLINDRICAL R,T,Z COORO SYSTEIA CPC
C IN WHICH T IS PORTION4 OF THETA
C

ANG.PH*PI/180.
R=RBEND-RPIPE*COS(ANG)
Z=RPIPE*SIN(ANG)
WRITE (0.,12) ID,CPC,R,THZ,CDC
IF (J.EQ. NPHI) GO TO 20
If (I.EQ. NTHI) GO TO 115

C
ICEN=TH+ 5*DTH+.5
JCEN=PH+ .5*DPH+ .5
E ID=1000*ICEN+JCEN+500000
IF (I.EQ.IHTH) ASET(J)mEID

C
C ASSIGNING CONGRUENCY

C

c PSSILINT)ERPOAT FOR PIPE THICKNESS
C IF SO ,GENERATE PROPERTY CARD -16

C
IF (NY-EQ.0) GO TO 80
IF (IH.GT.TABY(NY)) GO TOD 80
PID=EIO
PC=PH+.5*DPH
TC=TH+. 5*0TH
CALL FIND (PC,TC,I,THICK)
WRITE (16,16) PID,MID,THICK

80 CONTINUE
C
C CQUA02 FOR ELBOW - 11
C

G(3) :G(2 JMOVF
G( 4):G( 3 )IMUVE
WRITE (11,11) EID, PID, ((L), 1=1,4)

C
C PLOAO2 FOR QUADS - 15
C

WRITE (15,15) LOADID,PLOAD,EID
115 IF (J.NE.1) GO TO 100

C
C SPC KOR ELBOW - 18,21
C SYM B.C. AT PHi=O,IBO - 18
C ANTI- SYM B.C. AT PHI=0,1SO - 21
C

20 S I D=71
L=345
WRITE (18,17), SID,1D,L
S 10=72
Lv126
WRITE (21,17) SID,ID,L

C
100 1 = 0 0JMOVE

PH P H+O PH
C
C

ISO CONTINUE
C
C

I BASEI BASE..IMOVE
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TH *TH +DTH
200 CONTINUE

C
C
C CNGRNT (THETA DIRECTION ONLY) FOR ELBOW - 10
C

IF (IREG ,GE.NTHETA) GO TO 210
DO 205 J=INPHI
DO 205 I=IREGI.NTHETA

205 WRITE (10,10) ICNGR(IREG,J),ICNGR(I,J)
210 CONTINUE

C
C SOLUTION SET FOR CASE CONTROL - 26
C

WRITE (26,261 (ASET(J),J=1,NPHI)
WRITE (26,27) 999999

C
C
C GENERATE FE PLATING FOR STRAIGHT SECTION (BOTTOM)
C CHECK SUBROUTINE STRATE FOR INPUT TO BE READ IN

CALL STRATE (2)
C
C

C
WRITE (6.1)

DO 1000 1=9,27
REWIND I

910 READ (1,B) (IDUM(K),K=1,B)
IF (EOF(I).NE.O) GO TO 920
WRITE(B,8) (IDUM(K),K=I,8)

GO TO 910
920 REWIND I
1000 CONTINUE

REWIND 8

C
stoP

END
SUBROUTINE STRATE (]FLAG)

c

C GENERATE FE PLATING FOR STRAIGHT SECTION
C IFLAG=1,2 INDICATES PORTION ABOVE,BELOW ELBOW
C

DIMENSION ZS(25).IZDZCH(6IKOUNTI 5),IJCNGRt5,500)
COMMON/A/THETANPH1,DPH,RPIPS,PIDS,LOADIDPLOAD

IN1EGER CPS.CDS,EIDPIDS.PIO,SID.G(4)
C

2 FORMAT (I8.9F8.2/(l0F8.2))
4 FORMAT (2413)

10 FORMAT tBHCNGRNT .218)
11 FORMAT (8HCOUAD2 ,618)
12 FORMAT (8HGRID ,218,FB.4,F8.3,F8.4,218)
15 FORMAT (SHPLOAD2 ,18,F8.3,I8)
17 FORMAT (BHSPC ,318)

25 FORMAT (8HCRIGDI ,318)
C
C
C STRAIGHT SECTION MODELED IN CYLINDRICAL R,T,Z COORD SYSTEM CPS

C IN WHICH Z IS DISTANCE ALONG STRAIGHT EDGE
C Z=0 AT POINTS OF CURVATURE/TANGENCY
C
C
C
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C NZSIxNUM8ER OF GRID POINTS IN Z DIRECTION
C ZS(IJ.Z-COOROS OF THE NZSl Prs IN COORD SYSTEM CPS
C
C FOR IFLAGal, VALUES BEGIN AT Z*-LI AND END AT ZmO
C FOR IFLAG*2, VALUES BEGIN AT ZzO AND END AT ZzL2
C WHERE Ll,L2 ARE PIPE LENGTHS ABOVE.BELOW ELBOW
C

READ (5,2) NZSI,(ZS(I),I=1,NZSI)
WRITE (6.2) NZSI,(ZS(I),I=1,NZSI)

C
c NDZCHS=NUMBER OF CHANGES IN DZRZS(I.1)-ZS(I)
C IZDZCH(K)=VALUES OF I 1=1 TO NZSI. AT WHICH DZ CHANGES
C (CONVENTION IS TO SPECIFY la1 AS A CHANGE)
C

READ (5,4) NDZCHS,(IZDZCH(KQKU1,NDZCHS)
WRITE (6,4) NOZCHS.(IZDZCH(K).KeltNDZCHS)

C
C
C
C SET UP CONGRUENCY SETS
C

IBOOm=0
NSETS= NDZCHS
D0 650 1=1,NSETS

650 KOUNT(I)=0
C

IF (IFLAG.EQ.2) GO TO 20
cps=3
CDS=3
NT PGIO= 12
NTPS YM=17
NT PA S=20

IBASE=(5O0-10*ILIM)*1000
IR IGIO IBkSE
GO TO 30

20 CPS-2

NTPGRD= 14

NT PAS=22
ILIMW NZSI
I BASE= I500+THETA)* 1000

30 RPIPE=RPIPS
PIomPIDS

C
DO 400 I-l.ILIM
IMOVE= 10000
PH=o.
10=184SE

C
C

DO 350 J-i,NPHl
I P4= P11.5

INEXT=PH+DPH+.5
C
C RIGID ELEMENTS AT FREE END -25

C
IF (I.NE.1.OR.IFLAG.NE.1) GO TO027
WRITE (25,25) ,+1200500,IRIGID
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IRIGID= IRIGID+JMOVE
27 CONTINUE

C
C
C GRID FOR STRAIGHT SECTION -NTPGRO

C
IF (IFLAG.EO.2.ANO.I.EQ.1) GO TO 202
NT=NtPGRO
WRITE (NT,12) ID,CPS,RPIPE,PH, 'S(1) ,CDS

202 IF (J.EQ. NPHI) GO TO 220
IF (IFLAG.EQ.2.AND.I.EQ.ILIM') GO TO 215

C
EIDxID
IF (IFLAG.EO.1.ANO.I.EQ.ILIM) GO TO 204
IF (IFLAG.EQ.2.ANO.I.EQ.1) GO TO 204

C
C 1EST 11JG FOR AND ASSIGNING CONGRUENCY
C

I 0OOM I BOOM+ I
IZIJZCHINDZCHS+1 )=NZS1
DO 700 K=l ,NDZCHS
NSE 1'0

IF (I.GT.IZI.ANO.I.LE.1Z2) NSET.K
IF (NSET.EQ.O) GO TO 700
IF (IBOOM.EQ.1) NSETIaNSET

NSETS=NSET
KOUNTINSET )=KOUNT(NSET).1
KNI 'KOUNT(CNSET)
IJLNGR(NSE7,KNT) *EID

700 CONTINUE
C
C CQUAD2 FOR STRAIGHT SECTION IT1
C

204 GI1),ID
G(2)=G( 1)+IM'OVE
G(3)=C(2).UMCVE
G(4)G(3)-IMOVE
W~RITE (11.1i) EIO,PID, (01L) , L=1.4)

C
C PLOAD.- FOR QUADS - 15
C

WRITE 115.15) LOADID,PLOAD,EIO
If (IFLAG.EQ.1,AND.I.EQ.1) GO TO 300

215 IF (J.EQ.l) GO TO 2-0
IF (IVLA-.EQ.2.AND.I.EO.ILIM) GO TO 225
CO TO 300

C SpC 'r0R STRAIGHT SECTION - NTPSYM,NTPAS,23,24
C SYM B.C. AT PHI=0,180 - NTPSYM
C ANTI- SYM B.C. AT PHI=0,1BO - NTPAS
C ELIM ZERO DOF AT PHI=0.180 - 23
C CONSTRAIN FIXED END - 24
C

220 IF (I.EQ.l) GO TO 300
S 10-71
L=246
NT=N TPSYiM
WRITE (NT,17) SIO.IO.L
SID=72
L- 135

NT=NTPAS
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WRITE (NT,17) SID,IO,L
SID%8O
L.4
WRITE (23,17) SID,IO,L
IF (IFLAG.EQ.2.ANO.I.EQ.ILIM) GO TO 225
GO TO 300

225 SIDt85
L-12 3456
WRITE (24,17) SIO,IO,L

C
300 ID-ID+JMOVE

PHmp14* pH
C
C
C

350 CONTINUE
ISASE" IOASE+IMOVE

C

C

C CNGRNT (BOTH DIRECTIONS) FOR STRAIGHfT SECTION -10

C
00 405 K=NSETi,NSETS
KNT=KOUNr(K)
00 40$ L=2,KNI

405 WRITE (10,10) IJCNGR(K,1).IJCNGR(I(.L)
C
C

RET URN
END
SUGROUrINE FIND (X,YK,FXY)

C
C INTERPOLATE FOR FUNCTIONAL VALUES WHICH ARE
C TABULATED FOR BOTH X AND Y TABULATED VALUES
C
C K INDICATES FUNCTION BEING CONSIDERED
C

DIMENSION FX(7)
COP.MN/B/NX,NY.TABX(9),TABY(7),TABF(g,7,2)

C
DO 10 d=2,NY
IF llABY(J).GT'f) 00 TO 15

10 CONTINUE
d2=NY
GO TO 20

15 u2=J
20 dI=,12-1

C
DO 30 1%2.NX
IF (TAB)((I).GT.X) GO TO 35

30 CONTINUE
I2=NX
G~O TO 40

35 12'I
40 li1I2-1

C
XRAT=(X-TABX(i1))/ITABX(12)-TAB((Il))
00 50 JmJ1,j2

50 FXJ,)'TABF(11,JK)+RAT(TAF(2,J,K)-TAB(1,.J,K))
C

YRATs(Y-TABY(J1 ))/(TA3Y(mJ2)-TAYJ1.I)

FXY~rX(J1)4VRATo(FX(d2)-FX(Ji))
C

RETURN
F.N(

60/,8/9 EDO

34



APPENOIX B

Listing of Deck to Execute Elbow Data Generator
and Create NASTRAN Input Data File for Mesh A

(JOB CARD)
(CHARGE CARD)
ATTACH,PIPELB,PFNAME2,ID=XXXX.
PIPELB.

REQUEST,NEWPL.*PF.
UPDATE.F,C.N,D.
CATALOG,NEWPLPFNAME3,ID=XXXX.
COPYSBFCOMPILE.
7/8/9 EOR *** INPUT DATA (MESH A) FOR DATA GENERATOR FOLLOWS *...
90.
12 17

15.0 5.163
(BLANK CARD)

12 -21. -18.5 -16.5 -14.5 -12.5 -10.5 -8.5 -6.5 -4.5
-2.5 -1. 0.

4 1 2 10 11
12 0. I. 2.5 4.5 6.5 8.5 10.5 12.5 14.5

16.5 18.5 20.5

3 1 2 3
7/8/9 EOR **** INPUT DECK TO UPDATE FOLLOWS ***

-DECK DATA
NASTRAN CONFIG=6,FILES=(PLT2,NPTP,OPTP,INPT)
ID PIPE,ELBOW
APP DISP
SOL 1,0
TIME 25
$SEQUENCE YES
SGRID:525
$COtJFIG=6
CEND
TI1LE =STRESS ANALYSIS OF ELBOW ME-I (ORNL-TM-4834)
MAXLINLS=500000
*REAO TAPE26
DISP=ALL
STRESS(PRINT,PUNCH)=(
SPCFORCE ALL

$
S SuBCASES HAVING SAME B.C. ARE GROUPED TOGETHER
$ TO AVOID UNNECESSARY MATRIX DECOMPOSITIONS
$

SUBCASE 1
SUBTITLE=UNIT PRESSURE LOAD
LABEL=SYM B.C.
LOAD=21
SPCz91
OLOADrALL
STRESS=i

SUBCASE 2
SUBTITLE=UNIT IN-PLANE (Z) MOMENT
LABEL=SYM B.C.
LOAD:22
SPC791
OLOAD=ALL
STRESS=1

SUBCASE 3
SUBIITLE=UNIT OUT-OF-PLANE (X) MOMENT
LABEL=ANTI-SYM B.C.
LOAD=23
SPC192
OLOADcALL
STRESS=I

SUBCASE 4
SUBTITLE=UNIT TORSIONAL (Y) MOMENT
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LABOIL.ANTI-SYM B.C.
LOAO=24
S PC-292
0 LOAD 2AILL
STRESS= I

SUBCOM 21
SUBTITLEzPRESSURE LOAD OF 75.53 PSI
SUBSEO275.53,O. .0. .0.

SUBCOM 22
SUBTIILE~IN-PLANE MOMENT OF 32660 IN-LB
SIJBSEQ-O. -32660- 0. 0.

SUBCOM 23
SUBTITLE=OUT-OF-PLANE MOMENT OF 32660 IN-LB
SUBSEQ=0. 0. ,32660. 0.

SUSCOM 24
SUBTITLE= TORSIONAL MOMENT OF 32660 IN-LB
SUBSEQ=O-0. 0. .32660.

s STRUCTURE ... PIPE (RPIPE=5.163) CONSISTS OF
S 90 DEGREE ELBOW (RBEND=15.0)
$ ADJOINED BY STRAIGHT SECTIONS

$ SYMMETRY . .. IMPOSED AT PIPE HALF-CIRCUM (PHI*O.180)

s COORD SYSTEMS ... (ELBOW) R:RBEND-RPIPE*COS(PHI)
T=THETA, (THETA=0,90 AT P.C.,P.T.)

$ Z=RPI PE*SIN( PHI)

S COORO SYSTEMS. ..(STRAIGHT SEC) RzRPIPE
S T=PHI

S(TOP) Zz-DISTANCE FROM P.C.
$ (BOTTOM) Z=OISTANCE FROM P.T.
S
S NODAL VALUES ... (ELBOW) lD:1000.(500+ITH)+IPH
S WHERE ITH ARE ROUNDED NODAL VALUES OF THETA
s 1PM ARE ROUNDED NODAL VALUES OF PHI
s
s (STRAIGHT SEC)

s (TOP) I~w1000*(500-10*(J-Ifl+IPH
$ 1=0.1,...,J-l
s (BO~TC"' I0x1000*(590+10*1)+IPH
S I21,2,..KI
s WHERE J IS NO. OF Z-INTERVALS SUBDIVIDING~ TOP SEC
$ K IS NO. OF Z-INTERVALS SUBDIVIDING SOT SEC
$

BEGIN BULK
s
$ SPOKES Al ELBOW ENDS CONVERGE TO MYTHICAL CENTER POINTS

tREAD TAPE9J

$ ELEMENT CONGRUENCY ... (ELBOW) THETA DIRECTION ONLY
S (STRAIGHT SEC) BOTH DIRECTIONS

*READ TAPE1O

$ ELBOW DEFINED IN COORD SYSTEM 1
$ STRAIGHT BOTTOM DEFINED IN COORD SYSTEM 2
$ STRAIGHT rop DEFINED IN COORD SYSTEM 3
$ ORNL CARTESIAN SYSTEM IS NO. 4
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S

CORD2C 1 0 0. 0. 0. 0. 0. 1. +CORI
+CORI 1. 0. 0.

CORD2C 2 0 0. 15. 0. -1. is. 0. +COR2
+COR2 0. 14. 0.
CORD2C 3 0 15. 0. 0. 15. 1. 0. +COR3
+CUR3 14. 0. 0.
CORD2R 4 0 0. 0. 0. 0. 0. -1. +COR4
+COR4 1. 0. 0.
$

$ FINITE ELEMENT PLATING
$

*READ TAPEI
$

$ RIGID CONNECTION FOR FREE (XOADED) END OF PIPE
$
CRIGOi 1 200500 100500
*REAO TAPE25

$
$ END CAP LOAD DUE TO UNIT INTERNAL PRESSURE
$
*READ TAPE27

s GRID POINTS
$
$ MYTHICAL CENTER POINT I UNIT BEYOND FREE END OF PIPE
$
GRID 100500 0 15.0 -22.0 0. 4
$

s MYTHICAL CENTER POINT AT FREE END OF PIPE
$

GRID 200500 0 15.0 -21.0 0. 4
S

S STRAIGHT SECTION ABOVE tHETAsO
$
*READ TAPE12
$

$ MYTICAL CENTER POINT AT THETAaO END OF ELBOW
$ (EQUIV TO ORIGIN OF COORD SYS 3)
$

GRID 500500 0 15.0 0. 0. 4
$

$ ELBOW POINTS
$

'READ IAPE13
$
s MYTHICAL CENTER POINT AT THETAs9O END OF ELBOW
$ (EQUIV TO ORIGIN OF COORD SYS 2)
GRID 590500 0 0. 15. 0. 4
S

$ STRAIGHT SECTION BELOW THETA90
$

'READ TAPE14
$

MATI 45 2.9+7 0.3 7.324-4 STEEL
$

$ BENDING MOMENTS APPLIED AT FREE END
$
MOMENT 22 200500 0 0.50 0. 0. 0.
MOMENT 23 200500 0 0.50 0. 0. 0.
MOMENT 24 200500 0 0.50 0. 1. 0.

PEAR 201 45 1.0-6 1.0-9 1.0-9 2.0-9
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PBAR 202 45 2.0-6 2.0-9 2.0-9 4.0-9
S
S INTERNAL PRESSURE LOADING FOR PIPE
$
*READ TAPE15
S
PQUAD2 200 45 0.390
S
s SPC ... (SID-71) SYM B.C. AT MIDPLANE CUTTING PIPE CIRCUM
s
SPC 71 200500 345
*READ TAPE17
SPC 71 500500 345
*READ TAPE18

SPC 71 590500 345
*READ TAPE19
$

S (SID72) ANTI-SYM B.C. AT MIDPLANE CUTTING PIPE CIRCUM
$
SPC 72 200500 126
*READ TAPE20

SPC 72 500500 126
*READ TAPE2t
SPC 72 590500 126
-READ TAPE22
$

S EAMINATION OF ZERO STIFFNESS DOF

*READ TAPE23
S

s CONSTRAIN FIXED END
S

-READ TAPE24
S

),iCADD 91 71 so 85
..PCADO 92 72 s0 a5
ENDOATA
6/7/819 EO
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APPENDIX C

Listing of Deck to Execute NASTRAN and
Save Stresses at Middle of Elbow

(JOB CARD)
(CHARGE CARD)
LIMIT,! 3000.
MA P ,OFF,

,TA~OLDPL ,PFNAME3,]ID=XXXX.
V UPDATE,F,C=DATA,N,D.

ATC,NASTRAN.
REQIJESTPUN,*PF.
RFL, 16000.
BEGIN,NASTRAN,NASTRAN, ,DATA, ,PUN.
CATALOG,PUN, PFNAME4, ID=XXXX.
7/8/9 EOR ***UPDATE CORRECTIONS (IF ANY) FOLLOW **

6/7/8/9 EOF
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APPENDIX D

Listing of Deck to Smooth Principal Stresses and
Create Solution File in PLOT QUICK Format

(JOB CARD)
,CHARGE CARD)
ATTACH.APE9,PFNAME4,IDwXXXX.
REQUESTTAPEIO,*PF.
ATTACH.PROD,461PRODUCTSIDmCSYS.
ATTACHBSPLNLB.ID=CAMK.

LIBRARY,PRODBSPLNLB.
LOADLDR.
FTN.
LOADLDR.
LGO.
CATALOGTAPEIOPFNAME5,ID-XXXX.
7/8/9 EOR *** SOURCE DECK FOLLOWS **t*

PRCGRAM PREPLT(INPUTOUTPUTTAPE5UINPUT,TAPE6=OUTPUT,TAPE9,TAPEIO)
C
C
C
C THIS PROGRAM READS (TAPE9) NASTRAN-GENERATED ELBOW STRESS OUTPUT,
C SELECTS FROM IT A SOLUTION SUBSET,
C SMOOTHS THIS SOLUTION SET,
C ANT) THEN SCALES + SAVES THE ORIGINAL AND SMOOTHED SOLUTION SETS.
C EACH IN A PLOTQUICK (INTERACTIVE PLOTTING) FORMAT ON TAPEIO
C
C
C CARD INPUT CONSISTS OF NPTSTHE NO. OF ELMTS IN CIRCUMFER DIREC,
C FOLLOWED BY A SHORT AND LONG NAME. TITS AND TITL, RESPECTIVELY.
C FOR EACH OF THE 34 CURVES WHICH GIVE,
C IN AN ALTERNATING (UNSMOQTHED AND SMOOTHED) PATTERN,

C THE CIRCUMFERENTIAL COORDINATES, FOLLOWED BY A CONSECUTIVE STRING
C OF MAJOR-OUTER,MINOR-OUTER,MAJOR-INNER,MINOR-INNER STRESS VALUES
C FOR EACH OF THE 4 DIFFERENT LOADING CONDITIONS
C
C MEL MARCUS, DTNSRDC 1943, FEB 1979
C
C
C

DIMENSION Z(19),TITS(1),TITL(8)
DIMENSION GPVAL(16),X(18), NSEEK(4),CI(2,18),C2(2,103),Y(4,4,18)
COMMON WORK(3000)

1 FORMAT IHI)
2 FORMAT(13F6.2)
3 FORMAT 12Gl.4)
4 FORMATI A10)
5 FORMAT(IX,8A1O)
7 FORMATI2613)

B FRMAT( IlOSX,3E18.6/(18X,3EIS.6,SX))
9 FORMAT(213,E16.8)

C
NLOADS=4
NSKIP=7
NVALUS=16

NS=4
NSEEK(1)=6
NSEEK(2)=7
NSEEK(3)=14
NSEEK(4)=15

READ (5,9) NPTS

WRITE (6,9) NPTS
DANG=180./NPTS
N16#(NPTS-i)+I
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WRITE (6.1)

WRITE (6,9) K

DO 10 llNSKIP
10 READ (9.4) TITS(1)

C
DO 20 1.1,NPTS
READ (9.8) ID ,(GPVAL(M).MZINVALUS)
WRITE (6,8) I0,(GPVAL(M),MUI,NVALUS)
X(I)-(I-.S)*DANG

C
DO 20 J-1,NS
N=NSEEK(d)

20 Y(K.d,I)uGPVAL(N)
C
C
C

SCFAC=.001
C

WRITE (6,1)
KOUN T-0
DO 10O K-1,NLOAOS
DO 100 J-t,NS

C
DO 30 I-lNPTS
Ci(l,I )=K( I)

30 C1(2,I)=Y(KJI)

CALL CRVFIT(CI ,2 ,NPTS,l,1.0,3,0,1.E-6,Ni.0,WORK,3000,C2,RMSIFAIL)
C

IF (K.NE.1.OR.J.NE.1) GO TO 40

KOUNT=KOUNT+ I
WRITE (6,7) KOUNT
READ (5.4) TITS(1)
WRITE (6,S) TITS(I)
WRITE (10) TITS(1)
READ (5.4) (TITL(I),131,B)
WRITE (6,5) (TITL(I).Iul,8)

WRITE (10) ITITL(I),I21,8)
WRITE (6,3) (CI(ilI12NPTS)
WRITE (10) (Cl(i,I),131,NPTS)
KOUN r=KOUNT+ i
WRITE (6,7) KOUNT
READ (5.4) TITS(1)
WRITE (6,5) TITS(1)
WRITF 110) TITS(1)
READ (5.4) (TITL(I),IUI,8)
WRITE (6,5) (TITL(I),11,8S)

W RITE (10) (TITL(I),Iu1,S)
WRITE 16.3) (C2(1,I),Iu1,NI)
WRITE (10) (C2(1,I).I*I,NI)

40 CONTINUE
c

KOUNT-KOUNT+ 1
WRITE (6,7) KOUNT
READ (5.4) TITS(l)
WRITE (6,5) TITS(1)
WRITE (10) TITS(l)
READ (5,4) (TITL(t),li1,B)

WRITE (6,5) (TITL(l),l.i18)
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WRITE (10) (TITL(I),Iw.)

W RITE (6.3) (CI(2,I)*SCFAC.Imi,NPTS)
WRITE (10) (Cl (2.1 )*SCFAC, 1.1,NPTS)
KOUNTwKOUNT+ I
WRITE (6.9) KOUNT.1FAIL,RMS
READ (5.4) TITS(1)
WRITE (6,5) TITS(1)
WRITE (10) TITS(l)
READ (5,4) (TITL(I),I-t.8)
WRITE (6.5) (TITL(I),I-l,8)
WRITE (10) IT()1,8
WRITE (6,3) (C2(2 I )*SCFAC, Jul NI)
WRITE (10) (C2(2.I)*SCFACI.1,NI)

C
1O0 CONTINUE

C
C
C

END
7/8/9 EOR *..INPUT DATA (MESH A) FOLLOWS ..

12
P141-U
PIPE CIRCUMFERENCE (DEGREES)
PHI
PIPE CIRCUMFERENCE (DEGREES)
PRES-UOMJR
NASTRAN MAJOR STRESS AT OUTER STATION 7 DUE TO PRESSURE LOAD
PRES-NOMOR
NAsrRAN MAJOR STRESS AT OUTER STATION 7 DUE TO PRESSURE LOAD

*'e**~...SHORT AND LONG NAMES FOR 30 MORE CURVES FOLLOW *..*.*
6/7/8/9 EOV

43



APPENDIX E

Listing of NASTRAN Input Data File

for Mesh A
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INITIAL DISTRIBUTION

Copies

11 NAVSEA
6 SEA 05D12
1 SEA 05R
1 SEA 05R14
2 SEA 0532
1 SEA 996

12 DDC

CENTER DISTRIBUTION

Copies Code Name
1 18 G.H. Gleissner

2 1809.3 D. Harris

1 1840 J.W. Schot

1 1843 H.J. Haussling

5 1843 M.S. Marcus

1 1844 S.K. Dhir

5 1844 G.C. Everstine

1 27 W. Dietz

1 274 L. Argiro

1 2740 Y. Wang

1 2744 D. Allwein

5 2744 L. Kaldor

1 2744 Y.P. Lu

1 522.1 Unclassified Lib (C)

1 522.2 Unclassified Lib (A)
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DTNSRDC ISSUES THREE TYPES OF REPORTS

1. DTNSRDC REPORTS, A FORMAL SERIES, CONTAIN INFORMATION OF PERMANENT TECH-
NICAL VALUE. THEY CARRY A CONSECUTIVE NUMERICAL IDENTIFICATION REGARDLESS OF
THEIR CLASSIFICATION OR THE ORIGINATING DEPARTMENT.

2. DEPARTMENTAL REPORTS, A SEMIFORMAL SERIES, CONTAIN INFORMATION OF A PRELIM-
INARY, TEMPORARY, OR PROPRIETARY NATURE OR OF LIMITED INTEREST OR SIGNIFICANCE.
THEY CARRY A DEPARTMENTAL ALPHANUMERICAL IDENTIFICATION.

3. TECHNICAL MEMORANDA. AN INFORMAL SERIES, CONTAIN TECHNICAL DOCUMENTATION
OF LIMITED USE AND INTEREST. THEY ARE PRIMARILY WORKING PAPERS INTENDED FOR IN-
TERNAL USE. THEY CARRY AN IDENTIFYING NUMBER WHICH INDICATES THEIR TYPE AND THE
NUMERICAL CODE OF THE ORIGINATING DEPARTMENT. ANY DISTRIBUTION OUTSIDE DTNSROC
MUST BE APPROVED BY THE HEAD OF THE ORIGINATING DEPARTMENT ON A CASE-BY-CASE
BASIS.


